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PREFACE 
There is in most of us a desire to understand the world in which we 
live. But life nowadays is a bewilderingly complicated process. The 
scientist and the inventor have changed our way of life so radical~ and 
in such a short length of time that most of us have a hard time to keep 
abreast of it all. Those of us who graduated from high-school, or 
perhaps, even college ten, fifteen or twenty years ago and who have not 
followed scientific occupations findthat they are not able to form any 
clear ideas about many of the things that have become commonplace. This 
is, perhaps, especially true in the field of electronics. Many who do 
not understand some of these things would make an effort to understand 
them if they could be presented in simple, semi-technical, non-mathe-
matical language. It with this class of people in mind that I have 
attempted to make clear the haws and whys of AM and FM in radio broad-
casting. 
In part L I have purposely left out many things that would be 
required to make the sending and receiving sets practical. I have tried 
merely to make the theory of radio broadcasting and reception reasonably 
clear, so that the one not versed in science may be able to have the 
satisfaction of knovdng, at least in a general way, what makes his radio 
"tick." 
Part II is somewhat more technical and will appeal to those who want 
to understand in greater detail the various circuits that make up today's 
radio sets. If I have made your appreciation of the wonders of radio a 
a little keener, I am happy. 
-Paul J. Hoar 
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Ald AND FM IN RADIO BROADCASTING 
PART I 
The Production and Modulation of Radio Waves 
Section I Introduction 
The human ear is capable of responding to vibrations whose fre-
quencies vary between 20 and 20,000 oscillations per second. Before the 
advent of the electric telephone it was possible to transmit audio-
frequencies from one point to another by mechanically causing two dia-
phragms to vibrate according to the same pattern. Thus, if the bottom of 
two tin cans, let us say, are connected by a string, or any other light 
material, and if one speaks into one of the cans, the alternate compres-
sions and rarefactions of the air in contact with the bottom of the can 
~~ will cause corresponding changes in the tension on the string. 
lj 
I 
These 
changes in tension will cause the bottom of the second can to vibrate in 
,, 
unison, and this vibration, in . turn, will be communicated to the air. 
II 
:I () 
< 
() 
Figure 1. Simple mechanical telephone system. 
II The vibrating air will then actuate the eardrum of the listener. 
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With the invention of the electric telephone, it became possible to 
change the energy of sound waves into pulsating electric currents having 
the same frequency as the sound wave, and varying in intensity with the 
loudness of the sound. This can be accomplished by means of a carbon 
granule microphone, for example. 
- 1-il_._ ,- --- -
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Imagine a circuit like those at the ends of figure 2, consisting of 
a cell, a carbon granule microphone, and a coil on an iron core. 
/I 
c 
-r-r:---J 
c, 
----~ 
Figure 2. Simple 2-way electric telephone system. II 
ij 
li When sound waves impinge upon the diaphragm of the microphone the 
,1. 
I granules are altermtely compressed and loosened. The greater the com-! . • 
II pression of the granules the less the resistance they offer and the 
greater the flow of current through the coil. Now fluctuations in the 
current in this coil induce an alternating current in the second coil, C1, 
the alternations varying in frequency and amplitude in exact accord with 
the fluctuations of the direct current in the first coil. The induced 
current is caused to flow through the receivers of the system. A receiver 
,, 
.1, consists of a permanent magnet in close praximi ty to an iron diaphragm, and 
II 
I
! . a coil of fine wire surrounding the end of the magnet. When no current 
li is flowing in the coil, there is a steady pull on the diaphragm, but when 
11 
an alternating current flows in the coil, the magnetic field acting on 
., 
·li the diaphragm is made stronger ar weaker depending on >lhether the magnet.i.c 
'1 field of the coil is added to or subtracted from that of the permanent I~ 
I' magnet. . Changes in the force acting on the diaphragm cause it to vi brae 
Ill 
I 
and to set the adjacent air ' in motion. 
!1 But scientists found that it was impossible to cause any appreciable 
amount of energy to be radiated through space by alternating currents in 
II 
II 
11 
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I! 
1J· the audio frequency range. As explained on the electro-magnetic theory 
II 
'II 
/r 
II 
this is the reason: 
Let us suppose that we are looking down on the en~ of an antenna 
r II wire at the instant when the electrons are traveling up the 'Wire, as in 
I 
!' figure 3 (a) • Tme magnetic field will be circular and clockwise about 
the wire. Now if the current is reversed this field will collapse and be 
built up in the opposite direction, as in figure 3 (b). A second reversal 
of current will cause this new field to collapse and be built up as in 
the first case. At audio frequencies there is an almost complete 
collapse of the first field before the second is started; therefore, 
practically none of the energy in the field is radiated. 
(a) (b) 
Figure 3. Magnetic field about an antenna. 
As the alternating frequency increases and goes beyond the audio range 
and into the radio frequency range, the outermost lines of force do not 
have time to return to the llire before a new field comes into being. The 
new field pushes the 11 trapped11 lines of the original field out and away 
from the wire. The repetition of this process produces an ever Widening 
field. Since the total energy of the field is constant, the more widely 
it is spread, the weaker it becomes at any given point.l It has been 
1. lLarcus-Horton, Elements of~, Prentice Hall, Inc. New York, 1943, L 
pp. 476-479. 
======l-=======--======ll------
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observed that the higher the frequency of the oscillations in the antenna, 
the greater the amount of radiated energy. This fact is indicated by the 
theory, for the strength of the radiation field about a current-carrying 
conductor varies inversely with the distance from the conductor. Now, 
if the oscillations are slow, only the weakest part of the field is 
radiated, but as the frequency increases, stronger and stronger portions 
of the field are prevented from returning to the antennal and therefore, 
are radiated.2 The tendency for radiation to occur is directly pro-
portional to the square of the frequency) 
Now, when these lines of force are radiated they go out as con-
centric spheres. Some of the energy follows the curvature of the earth 
and this portion is referred to as the "ground wave. 11 Much of it is 
radiated skyward and would be lost except for what is called the 
"Ionosphere" which surrounds the earth in two layers. The inner layer 
is referred to as the E layer and the outer one is called the F layer. 
The distance of these layers from the earth is not constant (nor is the 
1. There doesn't seem to be much agreement among authors in regard to 
how an electro-magnetic wave is propagated. The ideas presented 
here are those of Marcus-Norton, EE• cit., pp. 476-479, and others. 
Hoag, Basic Radio, p. 46, D. VanNostrand Co., Inc., New York, 1942, 
says that tbe reason why all of the energy does not return to the 
conductor when the field collapses is not known, and Albert, A. L, 
Electrical Fundamentals of Communication , p. 397, McGraw-Hill Book 
Co., N. Y., 1942, says tiiit 11 there is no particular reason why 
space should return this energy to t he antenna. 11 
I 2. 
I 3. 
i 
This agrees well with the quantum theory which considers a "wave" 
of high frequency to be a 11 photon" of high energy. 
Albert, A. L., Electrical Communications, John Wiley and Sons, Inc., 
New York, 1940, p.h72. 
I 
I 
I 
___ jl 
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I! 
li 
II 
II 
II 
I 
j distance between the layers constant) but it varies with daylight and 
II 
r I 
darkness, with the seasons of the year, and with the activity of storms 
on the sun (sun spots). The E layer is 60-70 miles above the earth; 
/ the F layer is 175-200 miles away. These layers are known collectively 
II as the Kennelly-Heaviside reflecting layer in honor of the two scientists 
., who separately and almost at the same time theorized their presence.l 
That part of the "sky wave 11 which strikes the ionosphere at an 
2 
angle greater than a varying critical angle is either reflected or 
refracted back to the earth which again reflects it toward the sky, and 
so on. This zigzag course finally causes the wave to come back to its 
starting place, providing it had sufficient energy at the start) The 
unreflected part of the wave is either absorbed by the ionosphere or 
passes through it into outer space and is lost. 
The distance from the transmitter to the point at which the sky 
wave first returns to the earth is called the "skip distance." The ground 
wave does not :bravel as far as the sky wave does because its energy is 
dissipated in causing eddy currents in the earth, etc. The "skip zone" 
is the zone between the place where the ground wave dies out and the point 
at which the reflected sky wave returns. No reception of the radio 
1. 
2. 
Hoag, ~_ill., PP• 53, 54. 
This angle varies with the frequency of the wave and the height of 
the ionosphere. 
The speed of propagation of these waves is that of light. A wave 
could therefore encircle the earth in .1[7 of a second. Light 
travels at the rate of 186,000 miles a second. 
-5-
L ~~~~·======~=============================~==== 
II 
II 
I 
II 
II 
·I ,, 
I! 
II 
j! 
II 
II 
' 
II 
I' 
I 
I 
I, 
i! 
I 
II 
!l 
II 
1: 
I 
1 
signal will be possible in this zone. 
l 
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When a train of these waves sweeps across a receiving antenna, they 
induce in it an alternating electromotive force (emf) 'Which causes a surge 
of current from the antenna through a connecting wire to the ground and 
then from the ground back into tm antenna. The number of oscillations 
per second being equal to the frequency of the transmitted wave. 
:~ 
Figure 4. A tuning circuit. 
Now, inserted in this aerial-ground 
circuit (and included in the cabinet 
of the receiver) is a coil of wire through 
which the electrons must pass. When a 
current flows in a coil a magnetic field 
is buil.,t up around the coil, the field 
collapsing and changing its direction 
with each change of direction of the 
current flow. If a second coil is 
placed in close proximity to the antenna 
coil, an alternating emf will be induced 
in it, just as it was in the telephone system. There is a difference 
in these two circuits, however. The telephone receiver circuit has a 
complete metallic path for the current to travel through, whereas the 
circuit shown above is completed by means of a condenser. Such a circuit 
has its own natural frequency of oscillation, the frequency being deter-
mined by the product of L and c. The arrow through the condenser ~ol 
I indicates that the capacity of the condenser can be varied. If the 
I 
, 1• Watson, Welch, Eby1 Understanding~' llcGraw-Hill Book Co., 1940 
-6-
I 
pp. 5-16. 
-~~-~======================r=~-= 
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condenser is properly adjusted, the natural frequency of the coil-and-
condenser circuit (called a tuning circuit, or a tank circuit) will be 
identical with that of the antenna-ground circuit.1 When this is the 
case, we say that the two are 12 resonance, or in tune. 
Now let us place across the circuit a pair of ear phones. The cur-
rent will now oscillate in the coils of the phones (as it did in the 
telephone receiver) alternately strengthening and weakening the pull on 
the diaphragms of the phones, and one might expect sound waves to be set 
up which could be detected by one's ear. But not so, and for two principal 
Figure 5. Tuning circuit 
with earphones 
reasons. First the diaphragms are 
much too heavy, that is, their inertia 
is much too great, to allow them to 
respond rapidly enough to the changing 
field strength. Secondly, even if a 
diaphragm were constructed which would 
respond, the human ear could not 
respond to the ever-so-rapid ch~nges 
in air pressure. Therefore, it is 
necessary to affect these waves in 
some way--to modulate them--if they 
are to be used to transmi. t intelligence. 
It is the purpose of Part I to present 
in simple language two of the methods b.Y which this may be accomplished. 
1. The antenna-ooil-g;-ound circuit is quite comparable to the tuning 
circuit, the aerial and the ground being the two plates of the 
condenser. 
I 
,I 
r 
Section II 
Amplitude Modulation 
First, let us consider that form of modulation which is called 
"amplitude modulation." The radio frequency waves of which we have been 
writing, have been waves of constant amplitude and may be represented by' 
figure 6. Our first consideration must be to discover how these radio 
1 frequency waves are produced. The 60-cycle current which we use in our 
t 
() ·H-t+l1'1fll+IH+H-H+I-ftttfflftttt--- ---
Figure 6. Unmodulated radio 
wave 
homes is generated by revolving a set 
of coils in a magnetic field whose 
direction is alternately "north" and 
11 south. 11 When engineers and scientists 
first attempted to produce an alternator 
(an alternating current generator) which 
would be capable of producing oscillations which would be fast enough 
II II to cause energy to be radiated, they quite naturally tried to modify the 
j machines they knew haw to build so as to p~oduce the desired frequency. 
~~ llhen experimentation began, tbe !astest. alternat.or would produce on17 
I! 5,000 oscillations per second. After man;y UD$11Coessf'ul at.tempt.s, under t.he 
~~ direct.ion or Reginald A. Fessenden in collaboration wit.h Dr. Ernst 
i Alexanderson of General Electric,l an .. . alternator was built 'Which would 
j give lew-energy radio frequency oscillations of 50,000 cycles per second. 
I 
II It was an antenna attached to the output of this machine which sent out 
1. For the story of this heroic struggle, see Franklin M. Reck's ~,~1 
!' Radio from Start to Finish, Thomas Y. Crnell Co., N. Y., 1942, and 
1! Gleasonr:: Archer's History of Radio to 1926, The American 
!1 Historical Society, Inc., N.Y., 1938;--
,I 
_!'=I ==============--========= 
.. 
II 
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1 the first real broadcast of the human voice in history, and it took place 
1 
at Brant Rock, Massachusetts on Christmas Eve, 1906.1 This was a triumph, 
1 in deed, but before radio broadcasting as we lmow it could be realized, 
It 
a device had to be perfected which would be capable of producing oscilla-
tions hundreds of times more frequent than could be obtained from the 
1 
Alexanderson alternator. A glance at t he radio program section of the 
1 
newspaper shows us that the stations of today broadcast at frequencies 
I
'! 
.I 
II 
ranging from 550,000 cycles per second ( 550 kc. per second) to 1 1 600,000 
cycles per second in the All band. To understand how such oscillating 
currents are produced we must turn our attention to the heart of our 
radio sets,-the "tubes." 
In the year 1883, years before the electron theory electricity was 
known, Thomas A. Edison noticed that when a metallic plate in the side of 
one of his electric light bulbs was connected through a sensitive ammeter 
to the positive side of his current supply, a small current flowed through 
it. If connected to the negative side, no current flowed. Edison did 
not know why this was so and he saw no significance in it, but as was his 
custom, he recorded the phenomenon in his notebook and, apparently forgot 
e. E- ----
Figure 7. The Edison Effect 
lj ----------------------------------------------------------11 1. Beck, 2£· ~. , p. 34. 
I 
I 
I 
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about it. The phenomenon is now called "the Edison effect", or in the 
light of present knowledge, the "thermionic effect." 
Some years after Edison's discovery, (in 1904) a scientist by the 
name of Fle~modified Edison's set-up by placing a battery in series 
with the plate and the meter, connecting the positive side of the battery 
to the plate. This caused a marked increase in the plate current. 
Flemming found that he could increase or decrease the current at will by 
changing the voltage applied to tre plate. A tube such as this is called 
a "diode11 , (and because they were used to rectify alternating currents, 
they came to be called "Flemming's valves"). The explanation of the action 
of a diode in terms of the electron theory of electricity is this: When 
the filament of the tube is heated to incandescence, electrons escape 
from the wire much as water molecules are evaporated from a body of water. 
Now electrons are the elementary units of negative electricity. When the 
plate of the tube is connected to the positive terminal of the battery of 
the plate circuit, the positive charge on the terminal attracts the 
negatively charged electrons on the plate. The electrons, therefore, 
migrate to the terminal leaving the plate positively charged. The electrons 
which have boiled out of the filament are now attracted by the positively 
charged plate and their presence there makes the plate again negative 
with respect to the terminal of the battery, and hence, more electrons 
flow out of the plate. To complete the circuit, the negative side of 
the plate battery is connected to the filament of the tube and the 
evaporated electrons eventually find their way back to it. 
Recall that increased charge on the plate caused an increase in 
the plate current. Two years after the diode was patented by FlemiDi~g 
-lo-
in England, an American experimenter, Lee DeForest, found that if a "grid" 
were placed in the tube between the 
filament and tba plate, very small 
changes in the voltage between 
the grid ani the filament were 
equivalent to much greater changes 
in the voltage between the plate 
and the filament, and further that 
it was possible to stop the plate 
Figure 8. Fleming's diode current altogether by placing a 
sufficiently high negative voltage on the grid. The additioo of this 
third element changed the diode to a "triode." DeForest called his triode 
the Ul)eForest Audion." 
Figure 9. The DeForest triode. 
.--
1 
_ I_ 
Small variations in the voltage on the grid, 
such as would be caused by an incoming radio 
signal, cause relatively large changes in 
pla. te current. 
Now let us see how the triode can be used to produce radio frequency 
oscillations. You will recall that in our discussion of the radio 
receiver, we said that the tuning circuit was made up of a coil and a 
-ll-
condenser, and that such a circuit would have natural frequency of oscilla-
tion. Let us study this circuit in detail. We shall begin with the 
condenser. 
A condenser consists of two conductors separated by a nonconductor 
(a dielectric). The function of a condenser is to store electric charges. 
Its capacity is measured in ~:f'arads."l Let us connect the two plates of 
a condenser to the terminals of a 45 volt battery. Result: Electrons 
will be taken from one plate and piled up on the other. 
-t I 
-t- ( 
-t I 
+ . ! 
Cb-J C h a r g e d 
Figure 10. A condenser 
If tm circuit is now broken, the electrons are trapped on the plate. 
Remove the battery entirely and by means of a piece of wire make a new 
path for the electrons. Connect one end of the wire to the negatively 
charged plate. As the other end approaches the positively charged plate, 
a spark will occur between the plate and the wire. But so great is the 
rush of electrons from the negatively charged plate, a great many more 
electrons than necessary to satisfy the positive charge on th~ other plate 
find their way across the gap, and the process is then repeated in the 
1. A condenser is said to have a capacity of 1 farad if 1 coulomb 
of charge can be placed upon it by a potential difference of 1 volt. 
In radio work condensers of very small capacity are used. 
1 micro farad= 1 millionth of farad; 1 micromicro farad = one 
trillionth of a farad. 
-12-
opposite direction. This happens a great many times before the two plates 
remain neutral. The spark discharge, this indicates, is oscillatory. 
The frequency~ oscillation depends~~ capacity~~ condenser. 
Figure 11. "Damped" 
oscillations from a spark 
discharge. 
We now turn our attention to the 
coil~ Connect in series with each 
other a battery, a key, and a coil. 
Press the key. Result: · Electrons 
immediately begin to flow through the 
coil. But the result of current 
flowing in a coil is the setting up 
of a magnetic field about the coil. 
Now when the magnetic lines of force 
cut across the wires of the coil, they 
induce an emf in the coil itself, and 
it has been found that the direction of the induced emf is always such 
that the direction of the current it tends to produce will be opposite to 
the current which set up the field. It is, therefore called a "back emf." 
This phenomenon is known as 11 self-induction." N01r as soon as the field 
e._ 
L 1 
Figure 12. Self-induction 
-13-
due to the battery current has reached its niaximum, (i.e. -when no more 
lines of force are cutting across the coil.), the back emf disappears, 
and the battery current thereafter flows unhindered. 
Now break the circuit by opening the key. Result: The battery 
current immediately stops and as a consequence, the magnetic field about 
the coil collapses. But then the lines of force again cut across the 
wires of the coil and, as before, they induce in the coil an emf. This 
time, however, the battery current is stopping and the induced emf is 
in such a direction as to tend to produce a current which would keep 
it going.l 
The property of a circuit which opposes any change in the current 
flowing in it is called inductance. Inductance is measured in units known 
as henries. If a current change of one ampere per second produces an 
induced emf of 1 volt, then the inductance is 1 henry.2 The factors 
which affect the inductance of a coil are: (1) the number of turns, 
(2) the length and diameter of the coil, and (3) the material of which 
its core is made. 
We are now ready to discuss the tuning circuit as a whole. Let us 
suppose that by some means an excess of electrons has been placed on the 
lower plate of the condenser in figure 13. There will be an equal and 
opposite charge on the upper plate. The electrons, as they did in the 
spark discharge described above, surge back and forth through the 
1. This is in accord with Lenz' s law which states that an induced 
emf is always in such a direction as to oppose the change that 
induced it. 
2. In radio work inductance units of 1 millihenry (.001 h) and 1 
microhenry ( .000001 h) are used. The symbol for inductance is L. 
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connecting wires, including the coil, from the bottom plate to the upp~ 
plate and back again, many times per second. But as the electrons go 
through the coil, the magnetic field they build up induces the back emf 
described above, and this baek emf slows their progress. Then when the 
current begins to stop going in one direction, the field collapses and 
the induced emf prolongs the life of 
the current beyond its natural time. 
This causes an even greater number of 
extra electrons to be piled up on 
one of the plates, and the process be-
gins all over again. If the capacity 
Figure 13. A tuning circuit. of the condenser and the value of the 
inductance of the coil are suitably chosen, the oscillations ought, 
theoretically, to continue indefinitely. That they don't is due to the 
inherent resistance in the circuit. --And this brings us back to the 
work of the triode. 
One side of the tuning circuit is connected to the grid of the tube 
and the other side is connected to the filament, as in figure 14. Let 
us say that at a given instant the flow of electrons is from plate 2 of 
condenser c, to plate 1. Some of the electrons will be forced onto the 
grid of the tube and no (or less) electrons will crQss over from the 
filamnt to the plate. When the current reverses itself in the tuning 
circuit, the grid will become positive and a great many electrons will 
then reach the plate. It is evident that the small alternating current 
in the tuning circuit is causing a relatively large fluctuating direct 
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J current in the plate circuit, for you will recall that very small changes 
-====~================================================iF=======I 
in grid voltage cause relatively large changes in the plate current. 
Now suppose we take some of the current from the plate circuit and send 
it through coil ~ placed near the tuning coil, L. The fluctuating 
direct current flowing through L1 will cause a fluctuating magnetic field 
TtcAS co ,., 
L 
1] 
- 11 /1 1- .:_ -t / 1/l -1-
Figure 1~. Feed-back 
which will be shared with the tuning coil. Since the pulsations in ~ 
are ti.IIBd by the current flow in L, they will be in step and the magnetic 
field of L1 will induce in L the extra emf needed to overcome the resist-
' 
ance of the circuit--and more. There is no reason now why the oscilla-
tions in the tuning circuit should d.iminish.l 
Now an oscillating circuit of this type is self-starting. Here is 
why: As soon as the filament is hot, electrons will be emitted from it, 
am when the plate circuit is closed, current flowing through the "tickler 
coil" 1 ~' will induce an emf in the tuning coil which will produce the 
1. On the contrary, the current which has been "fed back11 to the 
tuning coil is amplified in the tube, for it is applied to the grid, 
and this causes a larger flow of plate current. The larger the plate 
current the greater the "feed back" action of the tickler coil. It 
is a sort of compound interest idea, with interest compounded on 
each cycle. 
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initial charge on the condenser. If the frequency of the oscillations 
is not to our liking, we can make it less or greater by increasing or 
decreasing the capacity of the tuning condenser. By this means radio 
frequencies covering an extremely wide range are possible. 
The oscillations produced as described above are much too weak to be 
fed to the transmitting antenna. They must be greatly amplified. And 
this, too, may be accomplished by the aid of a triode. Only a very small 
part of the plate current is fed back to the tickler coil. The greater 
part of it flows through a coil in the plate circuit which serves as the 
primary of a transformer-coupled amplifier. The set-up is like that 
i n figure 15. Fluctuating direct current in the coil of the plate circuit 
!3-+ 
Figure 15. Amplification of oscillator currents. 
of tm oscillator induces alternating currents of the same frequency 
(as that of the fluctuations) in the tank circuit of the amplifier. These 
alternations are much more powerful than those which occur in the 
oscillator tube;l and since they are applied to the grid of the amplifier 
1. The increased power is supplied by the plate battery. 
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tube, they cause a still larger plate current in the amplifier. This 
process may be repeated until the plate current of the final amplifier is 
strong enough to provide the power required for radiation from the antenna 
to which it is coupled. Now these are the waves with which we began our 
discussion, and we are now prepared to understand how they may be 
modulated. 
First, let us recall that the voltage on the grid of the oscillator 
is fluctuating with radio frequency between certain fixed limits, the 
limits being fixed by the strength or amplitude of the oscillations.1 
Now consider the following modification of figure 14 (page 16). 
Audio frequency alternating voltage generated in the secondary of a 
microphone circuit is applied to the grid circuit of the oscillator. 
~=::;:====--+---- - - - -
B+ 
Figure 17. Amplitude modulation 
Neither the frequency nor the amplitude of the oscillations of the grid 
voltage are changed by the addition of this audio frequency voltage, but 
1. And by the constant voltage of an auxilliary source, (not to be 
discussed in part I), used for the purpose of putting an initial 
negative "bias" on the grid. 
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the limits between which the grid voltage oscillates are changed, the 
voltage at any given instant being the algebraic sum of the audio- and 
radio frequency voltages. Figure 16 (c) shows the result of this combi-
nation. Now when the limits between which the grid voltage oscillates 
are relatively positive, a large pulsating plate current is· caused to 
flow and this in turn induces a large alternating emf in the secondary 
of the transformer connecting the oscillator to the amplif'ier. But when 
the limits are relatively negative, the number of electrons crossing 
over to the plate is small and the small pulsating direct current in the 
plate circuit induces a small, alternating emf in the secondary. W'e see, 
then, that the effect of impressing the audio frequency voltage on the 
radio frequency alternations of the oscillator is ultimately to cause 
alternat ely strong and weak alternations in the voltage applied to the 
sending antenna. 
Let us consider again the radio receiver. We indicated earlier 
(page 7) that the diaphragms of the earphones could not respond quickly 
enough to keep pace with the radio frequency of the incoming wave. 
Let us modify figure 5, (page 7) as follows: 
Bt 
Figure 18. Radio receiver with triode detector 
With such an arrangement as this, there will be a current through 
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the phones only when the grid is relatively positive, and it will always 
be in the same direction. When the unmodulated radio 'VIJC3.Ve is being 
received the pull on the diaphragm will be, practicallY, constant. But 
when changes occur in the strength of the pulsations of current through 
the phones, provided the changes take place at audio frequency, the 
diaphragms will be attracted alternately more and less than when under 
the influence of the unmodula ted current. Now since the frequency with 
Which the current strength changes is exactly the same as that of the 
audio frequency voltage impressed on the oscillator at the sending station, 
it is evident that the diaphragms of the receiver and that of the sending 
microphone, will vibrate according to the same pattern. 
Such, briefly, is the story of amplitude modulation. 
-20-
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Section III 
Frequency Modulation 
Now let us see how that form of modulation known as "frequency 
modulation" is accomplished. As the very name implies, it is our purpose 
in this method to vary the frequency with which the radio wave is sent 
out, and we shall at the same time try to keep the amplitude of the wave 
constant. This, of course, is the very opposite of amplituda modu-
lation technique. 
There are a number of ways by which the frequency of the radiated 
wave may be modulated. The simplest of these is illustrated in the 
accompanying figure. This is the same as the figure on page 16 and 
represents a radio frequency oscillator across the tuning circuit of which 
there has been connected a sensitive condenser microphone. When the air 
waves strike the moveable plate of the condenser in the microphone, 
c. 
I T' h, pi;£; eY 
L-----{l 
i?t-
Figure 19. Frequency modulation. 
they cause corresponding changes in the capacity of that condenser and 
this is equivalent to changing the capacity of condenser C in that of the 
tuning circuit of the oscillator. Now since the resistance of this circuit 
is not changed, the amplitude of the oscillations remains constant, but 
when the microphone plates are pushed closer together, the capacity of 
the system is increased and the frequency of the oscillations is less, 
and when they are farther aparlt than usual, the capacity is 1e ssened 
and t he oscillations are more rapid. From this we see that the louder 
one speaks into the microphone, the greater will be the change in the 
frequency of the oscillations. 
The rext problem is: How is the intelligence transmitted by these 
changes in frequency? Well, when a high pitched tone, say, is sounded 
before the microphone, the capacity of the condenser is changed very 
rapidly and therefore the changes in the oscillator frequency take place 
at a very rapid (audio) rate. If the tone is loud, the changes are not 
on)¥ rapid, but large. A tone of low pitch, on the other hand, will 
cause a comparatively slow change in the oscillator frequency. Now if 
we can find a receiver which will be able to respond to these changes 
in frequency, we shall be able to understand the message which has been 
sent. 
We find the answer in this quest in a modified "superheterodynen 
set. In the superheterodyne receiver, the incOming radio frequency 
is 11 mixed11 with the alternations of a local oscillator to produce a "beat" 
frequency of a predetermined and fixed value. The earlier radios, even 
those using triodes, suffered from station interference. That is, they 
were not very selective, and two or more stations could often be heard 
at once. This was because the sets were designed to be tuned to frequen-
cies over the whole standard broadcast range,--fram 550 ke. to 1600 kc. 
It is difficult to design adjustable circuits so that selectivity is 
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equa~ good at all frequencies. 1 To obtain a high degree of selectivity, 
the radio frequency transformer should have a natural frequency exactly 
equal to that of the sending station. Because it was impractical to 
have a separate tuned radio frequency transformer for each station, some 
other means was sought which would accomplish the same result. Experiment 
in that direction resulted in the superheterodyne receiver. 
Whenever waves of different frequency are caused to combine, "beats" 
are produced. In the superheterodyne set an incoming radio wave of, say, 
1100 kc. is caused to combine with a radio frequency of, say, 1300 kc. 
generated by a local oscillator, thereby producing a "beat" frequency of 
200 kc.2, this being the difference between the incoming frequency and 
that of the local oscillator. This beat frequency, still much too great 
to be audible, is called an "intermediate frequency11 because it lies 
between the broadcast frequencies and the audio frequencies. It is fed 
to an amplifier, sharply tuned to receive oscillati ons of 200 kc. only.3 
1. Albert, A. L., Electrical Communications, op. cit. p. 514. 
2. There is another frequency of 2400 kc., the sum of the other two, 
but the set is tuned to be responsive only to a frequency of 200 kc., 
and therefore, it doesn't respond to this higher frequency. 
3. In practice this is not quite true, for the set must respond not 
only to the frequency of the carrier wave, but also to the 
frequencies of the so-called "side bands.11 These side bands are the 
beat frequencies formed by the combination of t he audio frequencies 
and the radio frequency at the sending station. In our example, 
the radio frequency was UOO kc. Audio frequencies range as high as 
15 kc. Beat frequencies equal to the sum and the difference of 
these two values will, therefore, be produced, and the intermediate 
frequency transformer must be tuned broadly enough to respond to 
frequencies ranging from 215 kc. to 185 kc. 
It should be noted in this connection, however, that, because the 
standard broadcast range is crowded, the government will permit a -
given station to broadcast a band width not greater than 10 kc. 
Audio frequencies greater than 5 kc. are, . therefore eliminated. -
-23-
If the f'~quency of the incoming radio wave were lOOOkc., instead of the 
1100 kc. with which we started, the frequency of the local oscillator 
would have to be reduced to 1200 kc. in order to produce a 11 beat11 voltage 
of 200 kc. This is accomplished automatically by coupling the condenser 
in the tuning circuit with the condenser in the local oscillator. No 
matter what the value of the incoming radio frequency, then, the .loeal 
oscillator will produce a frequency greater than it by 200 kc. 
We said that the receiver for frequency modulated waves was a modi-
fication of the superheterodyne set described (in part) above. Let us 
see what those modifications consist of. In the first place, whereas 
the superheterodyne was designed to make the set more selective, frequency 
modulation calls for a good response over quite a wide range. Secon~, 
after the intermediate frequency signal has been amplified, it is sent 
through a device calleda'limiter11 which removes any amplitude modulation 
which may have gotten in. And lastly, the current thus limited in 
amplitude is fed to a detector tube circuit called a "frequency discrimi-
nator. 11 It is this discriminator which makes it possible to receive the 
intelligence in the broadcast signal. Here 1 s how it works:: 
f./tJ me.. i)>Omc . 
Figure 20. Dis crimina tor current curve. 
I 
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Assume that the discriminator is tuned to sharpest resonance at, say, 
80 mega cycles (me.), and that the unmodulated incoming radio wave has a 
frequency of 40 mc.1 Current of a certain value will be flowing in the 
plate circuit of the discriffiinator. Now suppose that the frequency is 
increased. This will cause a corresponding increase in the plate current 
because the incoming wave is more nearly equal to the natural frequency 
of the discriminator. When the incoming frequency is decreased the 
effect is just the opposite. 
As noted at the beginning of this section, a loud sound at the 
microphone causes the capacity of the condenser in the microphone to vary 
greatly~ thereb,y causing large deviations in the broadcast frequency. 
And these large variations cause correspondingly large variations in 
the current in the plate circuit of the discriminator. These variations 
of current in the discriminator, after amplification, are communicated 
to the coil of a loud speaker (or to the earphones) and they cause 
corresponding vibrations of the diaphragm of the speaker. Large variations 
in the current cause correspondingly large displacements of the diaphr~~' 
and rapid variations cause rapid vibration of the diaphragm. Again, : 
we see that the diaphragm of the receiver and that of the transmitter 
microphone are vibrating according to the same pattern. 
1. The difference between the resonance frequency and the frequency 
of the incoming wave should be so chosen that a loud sound will 
not increase the frequency of the incoming signal to a value 
greater than the resonance frequency. 
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Section IV 
AM Versus FM 
Let us now compare the relative merits of amplitude modulation 
and frequency modulation. 
Historically, frequency modulation came about as a result of the 
desire for static-free radio reception and the name most closely 
connected wi. th its developement is that of Edwin H. Armstrong.1 It 
happens that what we call "static" is in reality an amplitude modulated 
electromagnetic impulse very much like radio waves and a receiver 
built to respond to amplitude variations will, therefore, respond to 
static. In a frequency modulation receiver, however, there is a 
"limiter" which will not allow amplitudes greater than a certain value 
to get through. In addition to the action of the limiter, the fact 
that frequency modulated programs are broadcast at very high frequencies 
makes the sets less responsive to the frequencies of statie.2 
The fact that F.M programs are broadcast at high frequencies has 
other important advantages, too. You will recall that the government 
has restricted the width of the band which a given station may occupy 
to lOkc. in the standard broadcast range--550 kc to l6oO kc-- with 
consequent loss of the higher audio frequencies. But with frequencies 
ranging up into the millions of cycles (megacycles) there is plenty of 
1. Reck, F. M. ~· ill•' pp 124-127. 
2. ~., p. 126. 
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room for all comers11 and band widths wide enough to allow for the highest 
audio frequencies and their consequent side frequencies are available. 
This results in greatly" increased fid~lit7 in the reproduction of the 
original sound. 
Another advantage of FM over Am is the fact that while in All an 
interferring signal or noise is added directly or cumulatively to the 
desired signal, (with serious results if the undesired signal is as little 
as 1 per cent of the desired signal), 
11With the FM. system, the addition of .noise and the 
desired signal is quite different, and a condition results 
which is more favorable to the reduction of noise. This 
fundamental difference has been proven both by mathematical 
analysis and b7 experiment. In Fll when two signals are 
added ••• (and) the undesired signal, (either noise or 
radie transmission) is less than half the amplitude of 
the desired signal, the modulation of the sum is determined 
almost completely by the larger, or desired signals.n2 
Perhaps you have decided by now that there is no good word to be 
said for AM transmission; but that is not quite the ease. You may 
recall from our earlier discussion on the Kennell.y"-HeaTiside layers,3 
that some of the energy from the transmitter is lost in outer space 
and that more of it would be but for the reflecting action of these 
layers. We observed in that connection that the "critical angle" varied 
with the frequency of the radiated wave. Now, in the standard (AK) 
breadcast range, all of the waves which reach the ionosphere at an angle 
1. Ibi~., P• 131. "It is possible, experts say, to have as man1 as 50 
operating from one city •11 
2. Jordan, Nelson, Osterbrcak, Pumphrey, and Saeby, Edited by w. L. 
Everitt, FUndamentals of Radio, Prentice Hall, Inc., N. Y. 1942. 
3. Introduction p. 1.,.. 
I 
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from the earth to the ionosphere, etc., so that if the wave has sufficient 
energy it will encircle the earth. With FM frequencies, however, there is 
no critical angle beyond which reflection will take place. Consequently 
all of the "sky wave" is lest to space. This means that the area covered 
by a given station is limited to from one to three times the distance to 
the horizon, depending on the energy in the wave. This, in most cases, 
limits coverage to areas within a radius of 100 miles.1 Moreover, in AM 
transmission, network programs can be telephoned to all parts of the 
country without loss of fidelity, but, while those same telephone-sent 
programs could be broadcast b,y F~ transmitters, the greater fidelity of 
FK could not be utilized becauae the higher audio frequencies have already 
been lost in the telephone transmission. In order to have FM network 
programs, it will be necessary to have relay stations within 11 seeing" 
distance of each other. 
But even this limitation may be to the credit of FK for stations 
as close to each other as 200 miles may use the same broadcast frequencies 
without interfering with one another. 
Everything considered, it looks as though N were with us to stay. 
AM still has its uses in reaching remote areas within this country and in 
transoceanic broadcasts, and maybe expected to stay with us for a long 
time yet. FK is rapidly becoming more and more popular and most of 
the new radios are equipped to receive it. The future looks bright for 
FK. 
1. Jordan, Nelson, Osterbrock, Pumphrey, and Smeby, ~ ~., p. 332. 
PAR T II 
Transmission and Reception of Radio Waves 
Section I .tJ4 Transmission 
An AM transmitter is divided into at least two general sections, 
(a) a radio-frequency section and (b) an audio-frequency section. The 
1 RF section consists of an oscillator, several stages of radio-frequency 
amplification, in one of which the radio-frequency alternations,--the 
so-called "carrier wave''--are modu1ated, and a coupling circuit for 
applying the modulated signal to an antenna. 
l~t RF ;1..-.-..tT?f 3.~~J T?F 
_Oscillator _________,. . fl,..rf ific.r f------.;. Amrlifier A rnplr'fi~<>'" 
(MoJ~(a.ce.f) -
1st A f l~,J A F 
M icrophDne ~ A-mrl;.f;er ~ 1\, rtifi er MoJuf.i. to...-
Figure 21. Block diagram of a high-level A14. transmitter 
The audio-frequency section consists of a microphone, an audio-
frequency amplifier, and a second amplifier, the output of which is used 
to modulate the amplified RF carrier. 
- · 
I~ Part I, we considered a simple carbon granule microphone for All 
transmission and a simple condenser microphone for FM transmission. Let 
us now consider two other types of microphones. 
The cr,ystal microphone depends for its action on the fact that 
certain cr,ystals-Rochelle salt, for example,-exhibit a phenomenon known 
as the 11piezo-electric effect." That is, when these crystals are 
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distorted by pressure or twisting, there is developed between opposite 
faces of the crystals a difference of potential. The value of this 
potential difference varies With the amount of distortion of the cr,ystal. 
In practice, a number of these crystals, sometimes called "sound cells11 
are connected either in parallel (to reduce internal impedance so that 
long lead lines may be used) or in series (so as to increase the effective 
potential differe·nc~. When sound waves impinge upon these crystals, vol-
tage variations corresponding to them will be generated between the faces 
of the c;eystals. Soilawhat greater output voltages can be obtained by 
coupling a diaphragm mechanically to the cr,ystals, but when this is done, 
there is a loss in frequency response due to the inertia and stiffness 
of the diaphragm. The minute voltages generated by a crystal microphone 
must , of course, be amplified, and this may be accomplished by applying 
them to the grid circuit of a vacuum tube amplifier. 
There are at least four advantages claimed for a crystal microphone: 
(1) it requires no current supply; (2) it cannot be overloaded; (3) it 
is silent in operation; and (4), it may be used at a considerable 
distance from its amplifier.1 
~ velocitz microphone consists of a light ribbon of corrugated 
metal--usually aluminum--which may be caused to oscillate in a strong 
magnetic field. This motion of a conductor in a magnetic field results 
in the generation of an emf between the ends of t he conductor. The 
motion of the ribbon is due to the difference in pressure on its two sides 
1. Albert, A. L., Electrical Communications, John Wiley and Sons, N. Y., 
1940, P• 140. 
Jordan, Nelson, Osterbrock, Pumphrey, Smeby, Edited by Everitt, w. L., 
Fundamentals £!Radio, Prentice-Hall, Inc., N. Y., 1942, p. 156. 
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which, in turn, is caused by the motion of the air particl.es constituting 
the sound wave. Because of this, such a device is call.ed a pressure-
gradient or a velocity microphone. Again, as in the crystal microphone, 
the feebl.e voltages induced in the ribbon have to be amplified before 
being used to modul.ate a carrier wave. 
Figure 23 shows how the output of a microphone may be coupled to a 
triode amplifier. 
To Modulator 
A Ve.loat;.::f l'1icrop~ol\e.. 
Figure 23, Amplification of microphone vol.tages. 
To understand the operation of an ampl.itude modulated amplifier 
a discussion of the so-called "characteristic curves 11 showing the 
corresponding plate currents for various grid vol.tages wil.l be hel.pful. 
Figure 24 shows typical grid-voltage-plate current relationships, the 
plate voltage assumed to be constant. From this it is evident that the 
application of negative voltage to the grid tends to lessen the pl.ate 
current. It is evident, too, that while the relationship is linear in 
the mid-portion of the curve, the ends of the curve show non-l.inear 
characteristics. This means that at the lower end the plate current is 
decreased less and less for a given addition of negative potential to the 
grid, and that if the grid is made sufficiently negative, plate current 
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will drop to zero. The point at which this occurs is called the cut-off 
point. The upper end of the characteristic curve indicates that after 
the grid potential ha.s reached a certain value in the positive direction, 
further increases have less and less effect on plate current. This is 
due to the effect of grid current, for when the grid becomes positive 
it begins to attract electrons to itself and, therefore, current to plate 
increases less rapidly. 
Now in practice, the grid of a tube is given a certain negative 
charge called 11 bias 11 , the amount of bias depending on the purpose for 
which the tube is intended. If the tube is biased so that variations 
impressed upon it from some audio- or radio-frequency oscillator 
remain on the straight part of the curve, we have what is called a Class A 
amplifier. If the bias is set at the cut-off value (or nearly so) so 
that only the positive half of the grid voltage swing permits plate 
current to flow, we have what is called a Class B amplifier. And if the 
grid is biased beyond the cut-off point so that only part of the 
positive swing (that is, the swing in the positive direction) permits 
plate current to .tlow, we have a Class C amplifier. 
~ 
Class A Class C 
Figure 24. Classes of Amplifiers 
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Now let us analyze figure 25.1 Radio frequency alternations from 
an oscillator, after amplification, are impressed upon the grid of the 
modulator tube T. The coil, marked RFC1, prevents radio frequency 
alternations from affecting the bias supply by "choking" them. Inserted 
in the grid supply line is a transformer, Tr, the primary of which is 
connected to the output of an audio frequency amplifier. 
Audio 1 "<'put 
£ro"'" l\.,... plifi4Zr 
T 
Figure 25. Grid modulation circuit. 
I~ 
Audio frequency alternations in this primary induce like alternations 
in the secondary which, added algebraically to the DC bias voltage, 
have the effect of varying the grid bias on the modulator tube. Now 
while this does not vary the amplitude or the frequency of the RF input 
to the grid, it does change the effect that these RF input signals 
have on the plate current, for as grid bias varies positively, the 
positive swings of the RF input will produce more plate circuit current 
than they will when the bias varies negative~. This has the effect of 
varying the amplitude of the plate circuit current pulsations after the 
Eattern of the audio frequency voltages applied to transformer Tr, and 
1. Jordon, Nelson, Osterbrock, Pumphrey, Smeby, ~· ill• p. ·· 294. 
variations in plate circuit current induce alternations in the secondary 
of the coupling transformer, which will vary in amplitude with the 
variations in amplitude of the plate circuit pulsations. Thus the RF 
carrier wave is amplitude modulated. 
This grid-voltage-plate-current relationship is shown in figure 26, 
in which {a) represents the alternating emf generated in the secondary 
of the coupling transformer. 
Ty ' 
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Figure 26. Grid-voltage-plate-current relationship in a grid-
modulated set-up, the tube biased as a Class C 
amplifier. 
The modulated wave is then power amplified and applied to the trans-
mission line leading to the antenna. If the modulation takes place in 
the final RF amplifier unit, we have what is called "high-level" modula-
tion. If modulation is accomplished in one of the earlier RF 
amplification units, we have "low-level11 modulation. 
If low-level modulation has been used, it is necessary that the 
succeeding stages of amplification be linear, that is, the amplifiers 
must be of the Class B type, so as to prevent distortion of the audio-
frequency pattern. 
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The over-all efficiency of a transmitter is defined to be the 
output power of the RF carrier divided by the total power input. This 
value multiplied by 100 gives the efficiency in per cent. 
Efficiency in % = RF output power X 100 
total power input 
As late as 1942, transmitters with over-all efficiency as low as 
20 per cent were still in use.l This means that for a 5,000 watt 
carrier output, 25,000 watts were required for the input power. 
Transmitters now in use have a much higher efficiency. One of several 
types of highly efficient amplifiers is the Doherty amplifier which is 
used in low-level modulation and takes the place of the final Class B 
type power amplifier. The Doherty amplifier has an efficiency of 60 to 
65 per cent, which is high efficiency compared to the 33 per cent 
efficient Class B amplifier. The use of a Doherty amplifier raises 
over-all efficiency to about 35 per cent. 
High-level modulated transmitters are slightly more efficient, even, 
than low-level modulated transmitters using the Doherty amplifier. This 
is due mainly to the fact that the final RF amplifier may then be of 
the Class C type--and Class C amplifiers have efficiencies in the 
neighborhood of 80 per cent.2 
1. J 0 rdan, Nelson, Osterbrock, Pumphrey, Smeby, ~· cit. p. 287. 
2. ~, pp. 287, 288. 
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Section II AM Reception 
There are two general types of radio receivers, namely the "tuned 
radio-frequency" receiver, and the "superheterodyne" receiver. We shall 
consider first the tuned radio-frequency receiver. 
T~~eq J?f 
A,....plr'.f;e.-
':#=-1 
T~"'o.ciRF 
II"'"" P.',. f< 2Y 
#J.. 
Tt~-..e-4l1f 
A~~fier Det.e.c.tor 
,t.uc{i o-
:fr.e'l" ~VIC~ 
Avn f,".f ier 
Figure 27. Block diagram of a multistage tuned RF receiver. 
A typical receiver of this type consists of several stages of tuned 
RF amplification, a detector (which also serves as an audio-frequency 
amplifier) and an audio-frequency amplifier which raises the power to a 
value great enough to actuate a loud speaker. 
The way in which triodes are used as amplifiers has already been 
explained, but more should be said about how detection or demodulation 
is accomplished. Detection is essentially rectification and subsequent 
filtering of a modulated RF wave. This may be accomplished in various 
ways, such as by the use of a crystal which will permit current to flow 
in only one direction, by the use of the diode vacuum tubes, wherein 
current will flow in the plate circuit only when the plate is charged 
positively, and by the use of triode vacuum tubes. 
Detection by triodes may be accomplished in various ways.. Detection 
may take place in the grid circuit or in the plate circuit. Now in 
I 
I 
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plate circuit detection, if the grid is biased so that the plate current j 
variations take place on the curved part of the grid-voltage-plate-current 11 
characteristic curve, distortion of the modulation pattern is introduced. 
This type of detector has nevertheless been used in the past because 
it can be actuated by a relatively weak signal input, and at that time 
there were no good RF amplifiers. A detector using this portion of the 
characteristic curve is known as a "square-law plate detector." 
If the grid is biased at t he cut-off point, as in a Class B 
amplifier, and if the input signal is strong enough so that most of the 
variation in pBte current occurs on the straight portion of the grid-
voltage-plate-current characteristic curve, we have what is called a 
"linear plate detector.u 
Figure 281 is a diagram of a circuit for linear plate detection. 
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Figure 28. Linear plate detector circuit. / 
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1. Jordan, Nelson, Usterbrock, Pumphrey, Smeby, ~· ~., p. 280. 
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Modulated RF alternations are impressed upon the grid of the tube, 
T, and they cause modulated half-cycle RF pulses of direct current in 
t.he plate circuit. The purpose of the filter in the circuit is to 
produce across R a DC voltage which will vary according to the pattern 
of the modulated RF input. Let us suppose first that the RF input is 
unmodula.ted. In that case_, as the first half-cycle in the plate 
current begins to build up there will be developed across both R and 
C an increasing voltage which will cause a current flow through R. 
When the plate current decreases to zero, the voltage across R would, 
except for condenser c, reduce to zero also. Hm~ver, during this 
time, condenser C is discharging through R and the voltage across R is 
thereby maintained. The unmodulated unput thus produces a steady DC 
through R. Now as the RF input varies,, producing peaks of unequal 
height in the plate current, the current through R, and therefore the 
voltage across R, will vary in step. 
As the current through R varies, the charge on condenser Ciwill 
also vary and the surge of current into and out of the plates of this 
condenser will be an alternating current having audio frequency. 
Since this current is not great enough to operate a loud speaker 
effectively, it is amplified in a final audio-frequency power amplifier. 
The Superheteroqyne Receiver 
While the receiver described above is quite practical and has 
been widely used in the past, it has certain short-comings and it has 
largely been displaced by the so-called 11 superheterodyne" receiver. 
Perhaps the worst short-coming of the tuned radio-frequency receiver 
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is its lack of selectivity. In spite of the fact that the selectivity 
is increased with each addition of tuned RF amplification, the response 
curve is still wide enough in tuned RF receivers to cause interference 
between stations whose frequency ranges are relatively close to each 
other. Figure 29 shows a selectivity curve for both a tuned RF 
receiver and a superheterodyne receiver. 
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Figure 29 Selectivity or response curve, m, for tuned RF receivers 
and, n, for superheterodyne receivers. 
To this point in our discussion, we have asstm1ed that the RF 
input wave was a simple sinusOidal alternation having a single and 
constant frequency. This is an oversimplification which we have used 
because it simplifies the explanation of what actually happens. This 
wave which we have treated as though it were a single wave, may be 
shown to consist of three components, namely, the carrier fre~uency, 
the upper side-band frequency, and the lower side-band frequency. 
These upper and lower side-band frequencies are the result of the com-
bination of the audio frequency, generated in the transmitter micro-
phone, with the radio frequency of the carrier wave generated by the 
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oscillator. The upper frequency is the sum of the audio and radio 
frequencies and the lower frequency is the difference between these two. 
Although we desire that the receiver shall respond to a band of 
frequencies at least as wide as the difference between the upper and 
lower side band frequencies, the tuned radio-frequency sets respond 
well over a considerablY gre~ter range than this. 
Now while there will be some response to freqUencies as far away 
from the resonance frequency as those designated in figure 29 as fx 
and fy for the tuned RF response curve, only those frequencies lying 
between those designated as fa and fb will have an appreciabl e effect, 
for it has been found that if the power of a wave is less than one-half 
the power of a wave at resonance frequency, the response is negligible. 
A wave whose amplitude is equal to 70.7 % of that attained by a wave at 
resonance frequency will have a power equal to one-half th~t of a wave 
at resonance frequency.1 
The improvement in selectivity by the use of the superheterodyne 
receiver is indicated by the much smaller spread in the response curve, 
n, of figure 29. How this improvement is achieved will be explained 
in the following paragraphs. 
The first part of the superheterodyne circuit is very much like 
the RF tuned receiver and consists of several stages of RF amplifi-
cation, but instead of an audio-frequency detector following these, 
we have what is called a "first detector". At this stage the incoming 
RF wave is "mixed" or combined with an RF wave generated by a local 
1. Rider, John F. , and Uslan, Seymour D., FM Transmission and Reception, 
John F. Rider Publisher, Inc., New York, 1959, pp. 264,265. 
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oscillator. This combination gives rise to two new frequencies. 1 
They are the sum of the two RFs and their difference. The sum of the 
two is extremely large and is not passed on to the next amplifier which 
has been tuned rather sharply to respond to the difference frequency. 
This new frequency is called an "intermediate frequency 11 because it 
lies between the incoming RF and the audio f ,requencies. After amplifi-
cation, this intermediate frequency is applied to a second detect or 
which functions like the detector in a tuned radio-frequency receiver. 
The audio-frequency output of this detector is amplified and applied 
to a loud speaker. 
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Figure 30 Block diagram of a superheterodyne receiver. 
Let us see how such a circuit can improve selectivity. Suppose 
that an incoming wave has a frequency of llOO kc and the local oscillator 
is set to produce at 1565 kc. The intermediate frequency will then be 
the difference between these two--465 kc. If the condensers of the 
selection tuners are coupled mechanically to the condenser of the local 
oscillator, this difference in frequency can be maintained no matter 
1. This is true if the incoming signal is unmodulated. If is is a 
modulated signal, having side frequencies as explained above, these 
side frequencies will have their counterparts in the intermediate 
range. 
what the value of the incoming RF may be. The intermediate frequency 
amplifier is, therefore, tuned to 465 kc and since it does not have to 
be changed to any other frequency, it can be more precisely adjusted. 
This accounts for some of the increased selectivity. The superheterodyne 
receiver has all the selectivity inherent in the several stages of 
RF amplification, plus the more precise adjustment of the response of the 
intermediate frequency amplifier. 
The restof the improvement in selectivity comes from the 
heterodyne action itself. Suppose, for example, one is trying to 
receive a program being broadcast at 1500 kc, and there is another 
near station operating at 1510 kc. The difference between these two 
frequencies is about .67% of the desired frequency, and a tuned radio-
frequency set would hardly be able to tune out the undesired station. 
Now ifthe desired station were tuned in correctly using a heterodyne 
set, the intermediate frequency would be 465 kc and the undesired 
frequency would be 475 kc. The two frequencies are still 10 kc apart 
but the difference between the desired signal and the undesired signal 
is now 2.25% of the desired signal;--exclusion of the undesired signal 
is much easier to attain.l 
It was indicated above, that the intermediate frequency amplifier 
was "rather sharply tuned to 465 kc." But a certain spread of the 
tuning curve is desirable and even necessary, because as noted above, 
side frequencies accompany the carrier frequency. Audio frequencies 
up to 5,000 cycles are permitted by the government. This means that 
1. Albert, A. L., op. cit., pp. 513, 514. 
Jordan, Nelson,IOsterbrock, Pumphrey, Smeby, ~· ~., PP• 320, 321. 
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side frequencies grea.ter than the carrier frequency by as much as 5 kc 
and side frequencies less than the carrier frequency by as much as 5 kc 
will be received by a set, and the intermediate-frequency amplifier 
should, therefore, be able to respond to a band width of 10 kc. 
Section III 
FM Transmission 
A number of characteristics of FM were mentioned in Part I of 
this thesis. These will not be repeated here. We will confine our 
discussion to a description of the various parts of a typical FM 
transmitter and their function. There are a number of different types 
of FM transmitters which may be divided roughly into two groups, those 
which employ direct frequency modulation, and those which are 
indirectly frequency-modulated. We shall considerr: here only one possible 
11 
circuit for direct frequency modulation. The following block diagraml 
will be our guide. 
OJ c.. i J/citor 'Powe.r 1r ~-plif<e.r t----------. 
C Y..JSC a./ 
0& c.; /fat dr 
Figure 31 Block diagram of a reactance-tube frequency modulated 
system. 
The output of an audio-frequency amplifier is impressed upon t he 
control grid circuit of a 11 reactance tube.'' The output of this t ube 
and i ts circuit is connected across the output of a self-excited, vari-
able frequency oscillator (as distinguished from a crystal oscillator), 
1. Jordan, Nelson, Osterbrock, Pumphrey, Smeby, ~ ~., p. 335. 
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and has the effect of varying the frequency of the oscillator by changing 
the value either of its inductance, L, or its capacitance, C. FM is 
radiated at very high frequency and, therefore, the output from the 
oscillator is applied to a series of frequency multipliers. The final 
stage in the transmitter is a power amplifier. NovT since the self-
excited type of oscillator has a tendency to vary its frequency of oscill-
ation, some means must be employed to stabilize it. This is accomplished 
by heterodyning the oscillations from a crystal oscillator with those 
from one of the stages of multiplication of the oscillations from the 
modulated oscillator. The "discriminator" to which the intermediate 
frequency from the "frequency converter" is fed is tuned to the desired 
intermediate frequency and when such an intermediate frequency is being 
received, the voltage output from the discriminator to the control grid 
of the reactance tube is zero. Any change in the intermediate frequency, 
however, causes either a positive or a negative voltage to be applied 
to the grid. Since the oscillation frequency of a crystal is very 
stable, if the intermediate frequency changes, it is due to a change in 
the heterodyning voltage fed to the converter from the carrier circuit. 
Now since the voltage on the grid of the reactance tube controls the 
reactance of the oscillator and thereby its frequency of oscillation, we 
see that variations in oscillator frequency have the effect of adjusting 
the reactance tube so as to bring the modulator frequency back to its 
desired value. 
Let us go back now and take a second look at some of the various 
stages in the FM transmitter circuit. Let us study first the reactance 
tube and its effect on the oscillator. A diagram will help. (See figure 
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32.) 
There are three basic tube constants, viz: the transconductance g~ 
the amplification factor,!-l , and t he dynamic plate resistance, rp. 
Transconductance is defined to be the ratio of the change in plate current, 
ic, to the change in grid voltage, es, provided that the plate voltage, ep, 
remains constant. The amplification factor is a number which tells how 
many times as great is the effect upon plate current of a change in grid 
voltage, than is the effect of an equal change in plate voltage. 
~~ 1\Q a c. tci.""' ~e. 
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li Figure 321 Reactance tube and oscillator 
li The dynamic plate resistance is the ratio of a change in plate 
:1 voltage to the resultant change in plate current, with grid voltage 
II 
II 
II 
li 
II 
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constant. 
The value of the resonant frequency of oscillation of a variable 
oscillator is given by the formula: 
Where Lis the inductance of the coil in henries and Q is the capacita~ 
of the condenser in farads. From this it may be seen that a change 
1 . Rider, J. F., and Uslan, S. D., ~· £!i·, p. 63. 
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in either~ or Q will result in a change in fr. 
Now, the impedance across the points A and B of the reactance tube 
is equal to the voltage across AB divided by the current through the 
impedances zl and z2, that is: 
ZAB~ EAB (1) 
iAB 
If we recall that transconductance, gm, is the ratio of change 
in plate current, ib' to the change in grid-voltage, ec, which, written 
algebraically, is 
we can solve for ib and get ib : gm ec, and since ib = iAB' we may 
substitute this in formula (1) and get 
• 
(2) 
Since ec is the audio input voltage to the grid of the reactance 
tube, it is evident that as ec changes, the impedance across AB also 
changes. The impedances Z1 and Z2 are a combination of either resistance 
and capacitance or resistance and inductance. Therefore, the impedance 
injected into the tank circuit of the oscillator will be either capacita-
tive or inductive and in either case, any variation in the impedance 
will be manifest in a change of the resonant frequency fr, or the 
oscillator. 
We next give our attention to the frequency multipliers. It was 
stated with regard to AM transmission that the width of the channel 
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allotted to a given station was 10 kc. Partly because FM transmission 
requires a much wider channel than this, 150 kc, it has been necessary 
to use very high frequencies in order to find room for the number of 
stations desiring to broadcast to do so without interfering with one 
another. While it might be possible to cause the oscillator itself to 
produce these high frequencies, control of the oscillator as described 
above would not be satisfactory at these frequencies because the 
control circuit itself is not 100 per cent perfect. 
Vibrations in general do not consist of a single frequency. There 
are usually, beside the fundamental frequency, integral multiples of 
the fundamental. These are called upper "harmonics" or "overtones." 
When a vacuum tube is operated as a Class C amplifier, the pl~ current, 
consisting of short pulses, is rich in these harmonics. Now if the input 
transformer of such a tube is tuned to some frequency, f, one may tune 
the output transformer to 2f, or 3f, or 4f, and thereby effectively 
multiply the input frequency. 
The old FM band, prior to 1946, was from 42 me to 50 me; the new 
band is from 88 me to 108 mc,--more than twice the old range. 
Oscillators for FM transmitters are operated at frequencies of the 
order of perhaps, 12.5 me. If it be desired to transmit at a frequency 
of 100 me, a series of three "doublers" {2f multipliers) will be needed. 
12.5 me x 2 x 2 x 2 • 100 me. 
At this point it becomes necessary to define certain terms. 
i The deviation in frequency above or below the center (unmodulated) 
I' 
I' II 
II 
I 
frequency is called the "frequency deviation. 11 The 11modula ti. on index" 
is the ratio of the frequency deviation to the audio frequency. 
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The maximum frequency deviation permitted is 75 kc., and the maximum 
audio frequency is 15 kc. Therefore the modulation index, for 100 per cent 
modulation, is 75 = 5. This ratio for the highest audio frequency is 
E 
called the "deviation ratio." 
We have mentioned that a frequency deviation from the center 
frequency of 75 kc is permissible and desirable. But the deviation from 
the center frequency before multiplication is very much l ess than this. 
If in the example above the maximum deviation before multiplication was 
9.375 kc, after multiplication it would be 
9.375 kc X 2 X 2 X 2 • 75 kc. 
Thus we see that the frequency multipliers perform a double duty. 
Finally, l et us consider the operation of the automatic frequency 
control unit which is made up of a cr,ystal oscillator of very constant 
frequency, a frequency converter, and a discriminator. 
A typical crystal oscillator circuit is shown in figure 33. 
\\f( 
1'/a.te.S~pp(r 
Figure 33. A typical crystal-controlled oscillator. 
The oscillation frequency of a crystal is determined principally 
by its thickness and since this changes with a change of temperature, 
the crystal is housed in a heating compartment. The temperature is raised 
to several degrees above room temperature and thermostatically maintained. 
The grid circuit and the plate circuit are tuned to the same frequency 
and therefore feed back occurs through the plate-to-trid capacity. The 
piezo-electric effect referred to in discussing microphones works both 
ways. That is, a mechanical stress produces a difference of potential 
between the faces, and an applied potential difference produces a mechan-
ical strain. The initial action at the crystal is a response to a 
voltage across it due to a su~ge of current in the plate circuit. 
The output from the oscillator is fed to the frequency converter 
which is at the same time receiving oscillations from the multiplied 
carrier circuit. The effect of the combination of these two is the 
creation of a new oscillation whose frequency is the difference between 
the frequencies of the two input frequencies. 
This new frequency, called the intermediate frequency, will be 
constant unless one of the heterodyning frequencies varies, and since 
the frequency of the crystal oscillator circuit is constant, variation 
can come only from the carrier circuit. 
The discriminator circuit remains to be investigated. The following 
diagraml shows a possible automatic frequency control circuit and 
includes a discriminator. 
The heterodyned signal from the converter is applied to the control 
grid of a pentode and it causes oscillations, whose frequency is equal 
to that of the signal, in the primary of transformer T1• The secondary 
of this transformer consists of two coils wound in opposite directions 
so that the plates to wnich they are connected will both be positive or 
1. Rider, J. F., and Uslan, s. D., ~· ~., pp. 74, 294. 
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negative at the same time. One of the coil-and-condenser circuits is 
t uned to a frequency greater than the input frequency and the other one 
is tuned to a frequency correspondingly less than that of the input 
signal. When the incoming signal is of the correct frequency, the 
voltages developed in these two circuits will be equal and, as noted 
above, the associated plates will both be either positive or negative 
at the same time and to the same extent. The voltage appearing across 
the output of the circuit, between A and ground, will then be zero, 
because these two points will be at the same instantaneous positive or 
negative potential with respect to each other. In this case no voltage 
will be impressed upon the control grid of the reactance tube. 
A 
Oscillator 
Figure 34. Automatic frequency control circuit. 
Suppose now that for some reason the oscillator should stray from 
its assigned frequency and oscillate at an increased frequency. In that 
case, the incoming heterodyned signal would also be increased and the 
voltages developed in the secondary circuits would no longer be equal. 
The effective voltage between A and ground is then the difference between 
the voltages across R1 and R2• If, as in our example, the oscillator 
frequency is too great, the system should be arranged so that A will be 
negative with respect to ground and will impress a negative voltage on 
the grid of the reactance tube. This increased bias causes less plate 
current in the reactance circuit which in its turn increases the 
effective reactance in the oscillator circuit.l This increased reactance 
slows the oscillator down to the desired center frequency. 
The question now arises as to how a reactance tube can be used to 
stabilize oscillator frequency in one instance and in another instance 
be used to vary oscillator frequency. The answer to this question is 
that the discriminator, as used for frequency control purposes, does 
not respond to an instantaneous frequency change such as is imposed by 
audio variations, but will respond to the relatively slow drift of the 
oscillator away from its center frequency. Stated otherwise, the 
discriminator effectively filters out not only the intermediate RF input 
frequency, but also the audio frequencies, and passes on only the 
subsonic variations due to straying of oscillator frequency from its 
assigned value. 
1. See equation ('1) p. 47. 
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Section IV 
FM Reception 
A typical FM receiver consists of a series of RF amplifiers, a 
heterodyning unit, an intermediate-frequency amplifier, a "limiter" whose 
function is that of holding the intermediate-frequency amplifier output 
to certain maximum and minimum values., a discriminator acting as a 
detector, a "de-emphasis" circuit, and an audio amplifier whose output 
actuates a loud speaker. Its similarity to the superheterodyne AM 
receiver will be evident by comparing the block diagrams of the two 
circuits, figures 30 and 35. 
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Figure 35. Block diagram of typical FM receiver. 
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Figure 36. A typical limiter circuit. 
One explanation of the limiting action of such a circuit is this: 
A sufficiently low positive potential is placed on the plate so that the 
swing in the positive direction on the grid will cause the plate current 
to reach its "saturation point"~ i.e.~ the point beyond which a further 
decrease in negative charge on the grid does not produce an increase in 
plate current. This will provide the limiting maximum value for plate 
current. To provide a limit for the minimum value, the grid is 
sufficiently biased so that the negative half of the input signal will 
make the grid sufficiently negative to completely stop plate current. 
With the circuit shown in figure 36, the grid bias may be auto-
matically regulated by allowing the input voltage to swing the grid 
voltage slightly positive. The effect of this is two-fold: It helps 
in limiting maximum plate current by attracting electrons to the 
positively charged grid, and it causes a DC current through R thereby 
developing a DC voltage across R, the grid side being negative. 
You see, when the grid becomes positive, electrons are attracted to it, 
and since they cannot get back to the filament from whence they eame 
t hey first charge the condenser C and then they are discharged through 
R. 
The values of R and C are so chosen that it takes about 25 times 
as long for condenser C to be charged and discharged, as is required 
for a complete cycle of intermediate-frequency input. This means that 
there will always be electrons left on the grid, which gives it its 
t . b. 1 nega ~ve ~as. 
1. Williams, H. L, The Fundamentals of Radio, The Blaki.ston Company, 
Philadelphia, Pa:-;-1945. P• 168. -
Rider, J. F., and Uslan, s. D., ~· ~· pp. 280-286. 
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We noted in section IV of Part I that FM was developed in response 
to the desire for static-free reception. Radiations due to the discharge 
of static electricity are identical with radio waves but because they 
are so highly damped, they are picked up by sets tuned to any station. 
Static is essentially a spark discharge which we have previously shown 
to be oscillatory, the oscillations being at radio frequency. The 
oscillations die out, however, after a very few cycles. Their effect on 
a tuned circuit is much like that of a single blow upon a pendulum of any 
natural frequency. Figure 37 is designed to show the limiting action 
on the irregularities in the output of the intermediate-frequency 
amplifier, and also the way in which static impulses are prevented from 
affecting program reception. The static impulses are shown as straight 
line peaks on the input signal. The limiting action of the limiter 
prevents their appearance in the plate output. 
Figure 37. Grid-voltage-plate-current characteristic curve, 
showing limiting action on i-f output and static 
disturbances. 
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The output of the limiter is fed to the discriminator. The 
principal difference between a discriminator used in an automatic fre-
quency control capacity and a discriminator used as a detector is in 
the rapidity with which it responds to variations in frequency. The time 
characteristics of the circuit are governed by the relative values of the 
resistances, R1 and R2, and their associated capacitances, c1 and c2, 
on the output end of the discriminator circuit shown in figure 34. 
Whereas in the automatic frequency control these values were large, there-
by preventing response to rapid changes in frequency but permitting 
response to the relatively slow variation from the center frequency to 
which the circuit was tuned, in the discriminator-detector they are 
relatively small, and they permit responses to audio-frequency 
variations. The resultant output of the discriminator is an alternati~g 
voltage in audio frequency. This alternating voltage is amplitude 
modulated and may be power amplified by a conventional audio-frequency 
amplifier and fed to a loud speaker. 
Because a certain amount of tonal distortion is introduced at the 
transmitter by a net-work which has the effect of increasing the modu-
lation of the higher audio frequencies, so as to insure their presence 
at the receiving end by increasing their signal-to-noise ratio, there is 
inserted in the receiver circuit between the discriminator and the 
audio amplifier a "de-emphasis" circuit which restores the original 
balance of tone. 
In conclusion, perhaps a comparison should be made of the response 
curves of the i-f tuned circuits as used in AM and FM. The response curve, 
n, shown in figure 29 was t hat of a circuit tuned to a given frequency. 
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With such a curve, even for AM reception, because of the side band 
frequencies, amplification would be noticeably unequal for the various 
frequencies of the comparatively narrow 10 kc band permitted in AM radio. 
It would be utterly inadequate for the 150-200 kc-wide band required for 
FM. The problem is: How can that part of the curve above the half-power 
level be widened and flattened so as to provide equal amplification over 
the whole range of input frequency? 
It is possible to accomplish this to a satisfactory degree by 
having several stages of i-f amplification in succession which are 
stagger tuned. By such a scheme, the frequencies which are least 
amplified by the first i-f amplification stage will be most amplified 
in succeeding stages. 
F~o.., 
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(See accompanying graphs for response curves.) 
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Figure 38. Development of wide-band amplified response curve . 
Su~pose that the tuning circuit of the first i-f amplification 
stage is responding appreciably to a band Width from 10.6 me to 10.8 me 
and that the center frequency is 10.7. If the secondary of the output 
transformer from this stage consists of two circuits, one tuned to the 
lower appreciable value and the other to the upper appreciable value, 
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(a) First i-f response curve--Single peaked. 
{b) 
(c) 
Moderate amplification and medium 
band width. 
Second i-f response curve--Double peaked. 
The parts of this circuit amplify more 
over narrower but overlapping band 
widths. 
Third i-f response curve--Single peaked. 
Low amplification over wide band width. 
(d) Resultant over-all response curve . 
Amplification equal to the sum of the 
separate amplifications. The curve is 
comparatively flat over a 200 kc range. 
(Compare with Figure 38.) 
the combined response curve of this stage will be double-peaked, with a 
low place at the 10.7 point. The effect of this will be to cause the 
response curve to be widened because some of those frequencies which were 
below the haff-power point have been amplified sufficiently to be effective. 
Now if a third i-f amplifier is tuned to 10.7 me, it 'l'rill tend to raise 
the low place in the second response curve. The over-all amplification 
of the i-f signal will be the sum of the separate amplifications of the 
various stages. We have therefore not only widened the response curve 
and flattened it, but we have at the same time amplified the i-f signal. 
For the 10 kc AM band width it may be permissible to omit stage two 
or to use only the second stage, because in this case amplification 
can be secured at the expense of wide response characteristiest 
The circuit described above for producing the double peaked curve 
works very well when it is properly adjusted, but the adjustmnts are 
not easily made. .Another way to produce a double peaked curve is to 
"over-couple 11 the transformer coupling the first and second stages of 
i-f amplification. This is done by placing the coils somewhat closer 
together than is the case when a singl e peaked response is desired.2 
1. Rider, J. F., and Uslan, s. D.,~· _ill., pp. 266, 210. 
2. Ibid. pp. 269-272. 
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Abstract of the Thesis 
entitled 
AM AND FM IN ~~DIO BROADCASTING 
by Paul J. Hoar 
In partial fulfillment of the requirements for a master's degree in 
Physics at Boston University, I have written a thesis on the production 
and modulation of radio waves. Part I of this thesis is written 
especially for those not well versed in science. It is therefore, written 
in semi-technical, non-mathematical language. I have begun the dis-
cussion of transmission of messages between points more or less distant 
by describing how a simple mechanical telephone system may be had by 
connecting the bottoms of two tin cans by means of a string. This is 
followed by a description of the method by which sound waves are con-
verted into electric currents as in the electric telephone. 
The production of radio waves is developed on the electromagnetic 
wave theory and I have chosen, for simplicity's sake, to consider only 
the magnetic part of the wave. There is a brief discussion of the 
Kennelly-Heaviside layers. The induction of radio frequency oscillations 
in an antenna and the means by which those oscillations are passed on to 
the receiving set is described in some detail. The first section of the 
thesis closes with a discussion of why these radio frequency waves must 
be modulated. 
Section II is a consideration in some detail of the means by which 
high frequency radio waves are produced. The history of the inventions 
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of the Alexanderson alternator, Flenuhing1s diode, and De:Fl.o.rest' s triode, 
with a reference to the Edison Effect is noted in this section. Six pages 
are devoted to an explanation of how the triode and a tuning circuit 
may be used to produce radio frequency oscillations. This includes a 
discussion of the action of condensers and of induction coils. This 
section includes, too, a discussion of the use of a triode as an 
amplifier. 
The impression of audio frequency voltages generated in a microphone 
on the radio frequency voltages of the oscillator, and the consequent 
amplitude-modulated radio frequency voltage induced in the secondary of 
the transformer coupling the oscillator to the amplifier, are the topics 
of the closing pages of this section. 
Section III is devoted to an explanation of how the frequency of the 
oscillator may be changed in response to sound waves of audio frequency. 
Again, the simplest means by which this may be accomplished is chosen for 
discussion. I have shown haw the effective capacity of the condenser in 
the oscillator tuning circuit may be varied by connecting across it a 
condenser microphone. The microphone in this set-up is really a part 
of the tuning circuit of the oscillator and variations in the capacity 
of the microphone condenser, therefore, cause variations in the 
oscillator frequency. Further, since the resistance of the tuning circuit 
is not altered, the amplitude of the oscillations remains constant. 
Having explained how a frequency modulated radio wave is produced, 
I have raised the question as to how a receiver may be constructed so 
as to be responsive to these changes in frequency. This called for a 
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partial description of the superheterodyne set and the necessary 
modifications of the set to make it capable of FM reception. In this 
connection, there is a discussion, in a somewhat extended footnote, of 
the "side bands" which accompany the modulated carrier wave. Among the 
modifications of the superheterodyne receiver are mentioned the "limiter" 
and the "discriminator", and their functions are explained. An 
explanation of how varying currents in the plate circuit of the discrim-
inator cause corresponding variations in the magnetic field of the speaker 
coils With consequent vibrations of t he speaker diaphragm closes the 
discussion of this section. 
The fourth and last section of Part I is entitled 11AM Versus FM11 , 
and it is a comparison of the relative merits of amplitude modulation and 
frequency modulatione The superiority of FM with respect to (1) reduction 
of s tatic disturbances, (2) band width and consequent increase in the 
fidelity of reception, (3) advantages of high frequency broadcasting, and 
(4) selectivity, is given consideration here. FM shortcomings are listed 
as being (1) short transmission range, (2) lack (at present) of extensive 
FM net works, and {3) the fact that network programs may not be telephone-
sent,--except with consequent loss of fidelity. AM is described as still 
having its uses in reachi ng remote sections of this country and in trans-
oceanic broadcasts. 
Part II is a somewhat more careful and technical examination of the 
various circuits in both AM and FM transmitters and receivers. A descrip-
tion of the construction and an explanation of the operation of a crystal 
microphone and of a velocity microphone are included in this part. 
There are four sections in part II, namely: AM Transmission, 
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In the section on ~---~~~ ----r-----jl 
lj AM Reception, 
I. 
FM Transmission, and FM Reception. 
l Reception, I have compared and contrasted the tuned RF receiver and the 
superheterodyne receiver. FM transmission using direct frequency 
1, modulation by means of a variable oscillator controlled by a reactance tube 
II 
,I 
tl :! is explained in the third section. A description of tffi circuits and 
function of the i-f amplifiers, frequency doublers, the limiter, and 
the discriminator of an FM receiver are treated in the final section. 
_,r 
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